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Annual Meeting of the Southern California Academy of Sciences 
California State Polytechnic University, Pomona 


May 6-7, 2011 


FIRST CALL FOR SYMPOSIA AND PAPERS 


The Southern California Academy of Sciences will hold its annual Meeting for 2011 on the 
campus of California State Polytechnic University, Pomona on Friday and Saturday May 6-7. 


Presently the following symposia are in the planning stages. If you would like to organize a 
Symposia for this meeting, or have suggestions for a symposia topic, please contact John 
Roberts at jroberts@csudh.edu. Organizers should have a list of participants and a plan for 
reaching the targeted audience. 


Note: Abstracts will be due on April 4, 2011. Check our web page for further information (http:// 
scas.jsd.claremont.edu/) 


Proposed Symposia for 2011 


FRIDAY, MAY 6: Planned Symposia 


One Planet, Zillions of Microbes: organized by Dr. Graciela Brelles-Marino (gbrelles@csupomona. 
edu) 


Anthropogenic Influences on Rocky Reefs: organized by Daniel Pondella (pondella@oxy.edu) 
Soft Bottom Marine Ecology: organized by Jim Allen (jimallen45@gmail.com) 
Sustainable Fisheries: Organized by Mark Helvey (Mark.Helvey@noaa.gov) 


Plant Hydraulics: Xylem architecture in the context of water stress, carbon gain and global change: 
organized by Dr. Frank Ewers, (fwewers@csupomona.edu) 


SATURDAY, May 7: Planned Symposia 


Conserving and Restoring Southern California Biodiversity: organized by Dr. Edward Bobich 
(egbobich@csupomona.edu); Ronald Quinn (rdquinn@csupomona.edu). 


Archaeology of Southern California: organized by Andrea P. Murray, Pasadena City College 
(APMURRAY @pasadena.edu) 


Wetlands Restoration: organized by Bengt Allen, CSU Long Beach (bjallen@csulb.edu) 
Contributed papers: Sessions of Contributed Papers will occur both days. 

Plenary Sessions: 

Friday: Eric G. Strauss, Loyola Marymount University. 

“The Frontier of Urban Ecology: The Challenge of Rejuvenating America’s Cities” 
Saturday: John A. Long, Natural History Museum of Los Angeles County 


“Extraordinary 380 million year old fish fossils from Australia reveal major steps in early 
Vertebrate Evolution” 


Contributed Papers and Posters: Both professionals and students are welcome to submit 
abstracts for a paper or poster in any area of science. Abstracts are required for all papers, as 
well as posters, and must be submitted in the format listed on the society webpage. Maximum 
poster size is 36 X 48 inches. 


In addition Junior Academy members (Research Training Program) will submit papers for 
Saturday sessions. 


Abstracts of presented papers and posters will be published as a supplement to the August 2011 
issue of the Bulletin. 


Student Awards: Students who elect to participate are eligible for best paper or poster awards in 
the following categories: ecology and evolution, molecular biology, genetics and physiology, 
and physical sciences. In addition the American Institute of Fishery Research Biologists will 
award best paper and poster in fisheries biology. A paper by any combination of student and 
professional co-authors will be considered eligible provided that it represents work done 
principally by student(s). In the case of an award to a co-authored paper, the monetary award 
and a one year student membership to the Academy will be made to the first author only. 
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Spawning-Related Movements of Barred Sand Bass, Paralabrax 
nebulifer, in Southern California: Interpretations from Two 
Decades of Historical Tag and Recapture Data 


E.T. Jarvis, C. Linardich, and C.F. Valle 
California Department of Fish and Game, Marine Region, Los Alamitos, CA 90720 


Abstract.—During the 1960s and 1990s, the California Department of Fish and 
Game tagged 8,634 barred sand bass in southern California, and 972 fish (11%) were 
recaptured. Tag returns suggest barred sand bass are transient aggregate spawners 
that form spawning aggregations consisting of both resident and migrant 
individuals. Spawning residency at a historic spawning location was estimated by 
the frequency of returns over time; most same-year returns (82%, n = 141) were 
recaptured within a 7 to 35-day period. The maximum recapture distance was 92 km. 
The average (+ SD) non-spawning season recapture distance from peak spawning 
season tagging locations was 13 + 8 km, and movement was generally northward. A 
positive relationship existed between fish size (TL) and migration distance to non- 
spawning season recapture locations. Fish tagged at a presumed non-spawning 
season residence were primarily recaptured south of the tagging location during peak 
and late spawning season; the average migration distance was 17 + 15 km. 
Recaptures in subsequent years showed a high degree of spawning (80%, n = 135) 
and non-spawning (73%, n = 11) site fidelity. This is the first documentation of the 
spawning-related movements of barred sand bass and will be important for 
informing management decisions regarding this popular sport fish. 


Introduction 


Barred sand bass, Paralabrax nebulifer, continues to be a highly sought-after sport fish 
in southern California. In the early 1900s, barred sand bass was landed in both the 
commercial and recreational fisheries; however, due to limited demand in the commercial 
fishery and scarcity of the resource during the 1950s, commercial take was banned in 1953 
and a 12-in (305 mm) minimum size limit was implemented for the recreational fishery in 
1959 (Collyer 1949, Young 1969). Since the 1960s, barred sand bass ranked among the 
top 10 sport fish in the commercial passenger fishing vessel (CPFV) fleet in southern 
California, and total annual catches in the recreational fishery averaged nearly two 
million fish per year (Allen and Hovey, 2001; PSMFC 2010). From 2001 to 2005, “heavy 
annual landings” (e.g., ~700 tons) were also reported in the commercial fishery of Baja 
California, Mexico (Aburto-Oropeza et al. 2008). 

Catch and effort in the southern California recreational fishery is highest during peak 
spawning season (June to August) when barred sand bass form large spawning 
aggregations over soft bottom habitat in depths of 20 to 40 m (Turner et al. 1969; 
Feder et al. 1974; Love et al. 1996a,b). Based on the exceptionally high landings of barred 
sand bass during summer months, it is possible these aggregations consist of thousands of 
fish, although underwater video documentation has never been reported. For decades, 
anglers have targeted well-known barred sand bass spawning aggregation sites including 
Ventura Flats. inner Santa Monica Bay, Huntington Flats, San Onofre, and Silver Strand 
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Fig. 1. Map of barred sand bass tagging locations in southern California, historical California 
Department of Fish and Game tagging project (1960s and 1990s). Shaded ellipses and bolded text identify 
historical barred sand bass spawning aggregation locations. 


in San Diego (Love et al. 1996a; Figure 1). However, since the high in 2000, barred sand 
bass CPFV catch-per-unit-effort (CPUE) has declined by 65% (CDFG unpublished data) 
to below the 30-yr average, causing concern regarding the vulnerability of the population 
to future harvest impacts. 

Fish species that are targeted during their spawning aggregations are especially 
susceptible to overexploitation because harvest effects may not be immediately evident 
(Sadovy and Domeier 2005). This is due to a condition of hyperstability, in which catch 
rates (and aggregation densities) remain deceptively high until the population reaches a 
critical minimum level. Once this occurs, spawning aggregations at historic sites may 
cease to exist, even after a population rebound (Domeier and Colin 1997; Sadovy and 
Domeier 2005). Commercial fishing on spawning aggregations in the Caribbean resulted 
in the disappearance of about one-third of historical spawning aggregations of the 
Nassau grouper, Epinephelus striatus, and a negative impact on the trophic levels of the 
surrounding ecosystem (Sadovy and Domeier 2005). It is unclear whether recent barred 
sand bass catch declines are indicative of an already exploited stock because no spawning 
biomass estimates exist. Nevertheless, a better understanding of barred sand bass 
spawning behavior and spawning movements will help to make informed management 
decisions. 

Although the timing and location of barred sand bass spawning aggregations in 
southern California is well-documented, little else is known about their spawning-related 
movements. After peak spawning, considerably fewer barred sand bass are caught over 
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sand flats and catches typically resume inshore in bays or near low relief natural or 
artificial reefs, but not in such high numbers (Love et al. 1996a). Fishery-independent 
data also demonstrate seasonal differences in barred sand bass densities (Froeschke et al. 
2005; Martin and Lowe 2010). These seasonal trends suggest barred sand bass exhibit 
transient spawning aggregation behavior, in which large aggregations form at specific, 
predictable locations at higher than average densities for a period of several weeks to 
months (Domeier and Colin 1997). Transient spawning aggregations are characterized by 
individuals that may (or may not) migrate relatively long distances, whereas resident 
spawning aggregations form near or within home ranges, occur year-round, and persist 
for only hours or days. Clearly, knowledge of the origins and destinations of barred sand 
bass spawning migrations and understanding the degree of site fidelity to historic 
aggregation locations will have important management implications for this species. 

Throughout the 1960s and 1990s, biologists with the California Department of Fish 
and Game (CDFG) conducted tag and recapture studies of barred sand bass in southern 
California and Baja California, Mexico. The recapture information from these two time 
periods enables us to document the historical spawning-related movements of barred 
sand bass for the first time. Specifically, our objectives of this study are to examine these 
historical data for trends in 1) residency at spawning locations, 2) movement to and from 
spawning locations, and 3) spawning and non-spawning site fidelity. 


Methods 
Tagging Events 


During the 1960s and 1990s, barred sand bass were tagged along the coast of southern 
California and at one location in Baja California, Mexico (Figure 1). Tagging locations 
included sand flats, reefs, and bay habitat. During both tagging periods, fish were 
captured by hook-and-line, measured to the nearest mm total length (TL), externally 
tagged with spaghetti or T-bar tags, and released. In the 1990s, fish were also captured by 
bottom trawl, and upon release, tagged fish suffering from barotrauma were 
recompressed to depth using weighted, inverted milk crates. Loran or GPS coordinates 
of the tagging sites were recorded (1990s); otherwise, a site name or geographic landmark 
was provided. In addition, depth (m) and release condition were recorded for some but 
not all fish. Rewards for recaptures of tagged fish were offered during both tagging 
periods. Recapture information included date, location, TL (mm), and tag ID number. In 
the 1990s, recapture depth (m) and Loran or GPS coordinates were also provided when 
available. 


Analyses 


All historical barred sand bass tag and recapture data were archived into a relational 
database. To standardize tagging effort across the two tagging periods, reported locations 
for all records were assigned a fishing site code based on historical southern California 
CPFYV sport fish surveys (Ally et al. 1990). Site codes (N = 252) were inclusive of nearly 
every nearshore and coastal mainland and island area in southern California, enabling 
assignments of specific fishing sites even when only geographic landmarks were reported. 
Days at liberty, recapture distance (estimated or actual km), and general direction of 
movement were calculated and incorporated into the database. We used two-sample 
Kolmogorov-Smirnoff tests to compare distributions of tagged fish length structure, 
depth of capture of tagged fish, and days at liberty between the two tagging periods. 
Recapture distances were measured as linear distances between approximate or exact 
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tagging and recapture locations. The lack of high spatial resolution (e.g., GPS 
coordinates), especially in the 1960s, probably underestimates the actual linear distance 
between fish tag and recapture events. However, because our goal was to investigate 
large-scale movements between fishing sites (rather than fine-scale movements within 
fishing sites), this underestimate becomes negligible. Spawning season codes were also 
assigned to each tag and recapture record based on capture month (Nov.—Mar. = non- 
spawning season, Apr._May = early spawning season, Jun—Aug. = peak spawning 
season, Sept._Oct. = late spawning season). Where noted, early and late spawning season 
recaptures were excluded from analyses to limit variability resulting from individuals that 
may not have been demonstrating spawning-related movements. In this paper we report 
recapture rates and return rates. Recapture rates refer to the number of fish recaptured at a 
given site divided by the total number of fish recaptures. Return rates refer to the number of 
fish recaptured at a given site divided by the total number of fish tagged at that site. 


Spawning Season Residency 


To investigate the residence time of individuals at spawning grounds, we selected fish 
tagged at Huntington Flats during peak spawning season and recaptured at Huntington 
Flats within the same year. This location was chosen because of the high return rate and 
because it is a well-known spawning aggregation location. We plotted the percent 
frequency of tag returns over days at liberty (in 7-day bins) for each group of fish tagged 
in June, July, and August, and overall. We assumed if spawning season residency of 
migrant fish did not vary widely among individuals, then the frequency of tag returns 
should drop off after a similar length of time, regardless of tagging month. This period of 
time was assumed to represent spawning residence time of migrant individuals and 
coincided with a drop in percent returns to less than 5%. We also reported the locations 
and recapture distances of fish that were recaptured away from Huntington Flats during 
the same peak spawning season. 


Movement to Non-spawning Season Locations 


Movement from peak spawning season tagging locations to non-spawning season 
recapture locations was assumed to be movement from spawning grounds to non- 
spawning season residences. To estimate the proximity of non-spawning season 
residences to spawning grounds, we grouped non-spawning season recapture distances 
for fish tagged during peak spawning season into 5-km bins. Average non-spawning 
season recapture distances were calculated for each tagging location to determine whether 
non-spawning season migration distances (= linear recapture distances) varied by 
spawning location. We then tested for a relationship between TL and migration distance 
using a Spearman Rho rank test. 


Movement to Spawning Locations 


We examined peak spawning season recaptures of fish tagged in Newport Bay during 
the non-spawning season to identify if and where Newport Bay residents migrate to 
spawn. This location was chosen due to the high return rate and because most non- 
spawning season tagging events were at this location. Spawning migration distances from 
Newport Bay to spawning grounds were reported and tested for a relationship with TL 
using a Spearman Rho rank test. We also looked for seasonal patterns in site fidelity to 
Newport Bay by creating a recapture plot of fish tagged in Newport Bay (Nov.—May) 
from the years 1964 to 1973. 
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Spawning and Non-spawning Season Site Fidelity 


To investigate annual site fidelity of barred sand bass to specific peak spawning season 
tagging locations (i.e., presumed spawning grounds) we considered fish that were only 
tagged during peak spawning season and recaptured during subsequent peak spawning 
seasons. We constructed a matrix of the number of fish recaptured by tagging location 
and recapture location, with tag and recapture locations arranged from north (N) to 
south (S). A higher number of recaptures that occur along a series of corresponding 
tag/recapture locations within the matrix (i.e., where recapture location = tag location) 
indicated a higher degree of spawning site fidelity than an arrangement of non- 
corresponding tag/recapture locations or few corresponding tag/recapture locations 
within the matrix. To investigate non-spawning season site fidelity, we examined trends in 
percent site fidelity to Newport Bay (% returns to Newport Bay) across seasons and over 
subsequent non-spawning seasons. Again, we focused on this location due to the high 
return rate and because most non-spawning season tagging events were at this location. 


Results 


Tagging Effort 

From 1962 to 1976 there were 4,687 barred sand bass tagged from Santa Barbara to San 
Diego Bay. Tagging was primarily at Huntington Flats (38%), Newport Bay (21%), Venice 
Beach (5%), San Onofre (5%), and El Segundo (4%; Table 2). Most fish were tagged during 
peak spawning season (72%) and non-spawning season (17%); early and late spawning 
season comprised 5 and 6% of tagged fish. Newport Bay accounted for 91% of the non- and 
early spawning season tagged fish (n = 737 and 179). Most fish at other locations were 
tagged during peak spawning season: Huntington Flats (98%), Venice Beach (100%), San 
Onofre (99%), and El Segundo (92%). Between 1989 and 1999, there were 3,947 barred 
sand bass tagged from Santa Barbara to Baja California, Mexico, including Santa Catalina 
Island. In the 1990s, 74% of fish were captured by hook-and-line. The distribution of 
tagging depths between line-caught and trawl-caught barred sand bass did not significantly 
differ (Dmax = 0.310, p > 0.05; Table 1). Fish in the 1990s were primarily tagged at 
Huntington Flats (32%), Horseshoe Kelp (12%), Manhattan Reef (10%), Ventura (9%), 
Tijuana Kelp (8%), Redondo Beach (6%), and San Diego Bay (6%; Table 2). Most fish 
were tagged during peak spawning season (76%) and non-spawning season (17%); early 
and late spawning season comprised 5 and 1% of tagged fish. Eighty-five percent of fish 
tagged during non-spawning season were tagged at Manhattan Reef (92%, n = 358) and 
Redondo Beach (97%, n = 198). Tagging effort (= mean fish tagged per day and mean 
tagging months per year) was similar between the two tagging periods (Table 1). 

Ninety-one percent of tagged fish were of mature size (Table 1), and the average size of 
fish tagged at all sites was bigger than the size at 100% maturity (~ 270 mm TL; Figure 2). 
Sites with fewer than 80% mature tagged fish were San Onofre (64%), San Diego Bay 
(63%), and South Carlsbad (54%). Length frequency (LF) distributions of tagged fish 
significantly varied between the 1960s and 1990s (Dax = 0.310, p < 0.05); most large fish 
were tagged in the 1990s at Ventura and Tijuana Kelp (Figure 2). There was a significant 
positive linear relationship between TL and depth of capture (r? = 0.14, p = 0.001). 


Recaptures 


There were 972 recaptures; 82% were from the 1960s (Table 1). Overall, 96% were of 
mature size (Table 1). In the 1960s, return rates ranged between | and 35% among sites 
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Table 1. Tag and recapture summary statistics for barred sand bass tagged in southern California, 
historical California Department of Fish and Game tagging project (1960s and 1990s). 


Tag and recapture results 1960s 1990s 
Tagged fish 4,687 3,947 
Tagging effort 

days 174 153 
Avg (+SD) fish/day Dn] B= By) 26 + 58 
Avg (+SD) mo/yr 4+3 G ae 3} 
Capture method 
hook-and-line 100% 74% 
bottom trawl - 26% 
Avg (+SD) capture depth (m) 
overall - sy 17) 
hook-and-line - Dp F] 
bottom trawl - Mey Be ND 
Avg (+SD) TL (mm) 306 + 38 B87 se JD 
% mature (= 270) 89% 93% 
% legal size (= 305) 41% 710% 
Recaptures 801 7A 
Recapture rate 
overall 17% 4% 
hook-and-line 17% 5% 
bottom trawl — 3% 
Avg (+SD) recapture depth (m) - 2g) EY) 
Avg (+SD) TL (mm) 326 + 43 343 + 46 

% mature (= 270) 96% 98% 

% legal size (= 305) 68% 86% 
Days at liberty 

Avg (+SD) 200-2 197, 90 + 187 

Max 1,211 1,258 
Recapture distance (km) 

Avg (+SD) - All fish OpsznlD 2 

Avg (+SD) - Only movers live} 25 115) 10 = 9 

Max 92 76 


with appreciable tagging effort (N = 100 fish, average = 18 + 11% SD; Table 2). Of 
these, percent returns were high (= 5%) with the exception of San Clemente (1%). Forty- 
five percent of all recaptures in the 1960s were caught at Huntington Flats and Newport 
Bay (Table 2). In the 1990s, return rates ranged between | and 6% among sites with 
appreciable tagging effort (average = 3 + 2% SD); sites with the lowest percent returns 
were Redondo Beach, San Diego Bay, and Ventura (Table 2). Fifty-eight percent of 
recaptures in the 1990s were caught at Huntington Flats and Horseshoe Kelp (Table 2). 
Although the maximum days at liberty were similar between the two tagging periods 
(Table 1), there was a significant difference in the distribution of recaptures over time 
between the 1960s and the 1990s (Dax = 0.310, p < 0.001). The 1990s had fewer long 
term recaptures than the 1960s, with the majority of fish recaptures (75%, n = 128) 
caught within just 63 days at liberty compared with 315 days in the 1960s. Overall, the 
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maximum recapture distance was 92 km S (Los Alamitos to Oceanside). It is not clear 
how many recaptured fish were released versus how many were kept. 


Spawning Season Residency 


We identified 172 Huntington Flats same-year returns (1960s: n = 117, 1990s: n = 55). 
Overall, 82% of returns were recaptured within a 7 to 35-day period (Figure 3). Although 
the numbers of tagged fish were higher for fish tagged in July (n = 1,760) than fish tagged 
in June (n = 350) and August (n = 808), the return rate was highest for June-tagged fish 
(14%), compared to only 5% for July- and August-tagged fish. Regardless of tagging 
month, the frequency of tag returns decreased to less than 5% within a 35-day period, and 
there was an overall 75% decrease in tag returns between 35 and 42 days at liberty 
(Figure 3). At 28 days, we observed a peak in June- and August-tagged returns and an 
inflection in the decline of returns for fish tagged in July. After 35 days, the overall 
frequency of tag returns remained low (< 5%) with the exception of a second peak at 
56 days (Figure 3). Maximum days at liberty was highest for August- (119 days) and 
June-tagged fish (77 days), compared to 56 days for July-tagged fish. 

Fifteen fish tagged at Huntington Flats during peak spawning season were recaptured 
at a different location during the same peak spawning season; recapture locations for 
these migratory fish included Horseshoe Kelp (n = 9), Seal Beach (n = 1), Santa Ana 
River Jetty (n = 3), Corona Del Mar (n = 1), and Dana Point (n = 1). Most of these 
migratory fish (13 of 15) were tagged in July. Of these, eight were recaptured in July and 
seven were recaptured in August. 


Movement to Non-spawning Season Locations 


Non-spawning season recapture distances varied among and within sites. Fifty-nine 
barred sand bass were tagged during peak spawning season and recaptured during non- 
spawning season (1960s, n = 50; 1990s, n = 9). Sixty-four percent of fish were recaptured 
within | km of the tagging site; the rest showed a normal distribution around 15 km 
(Figure 4). In the 1960s, the overall average (+SD) non-spawning season recapture 
distance was 4 + 7 km, but fish recaptured away from the tagging location had an 
average recapture distance of 13 + 8 km. In the 1990s, eight of nine fish were recaptured 
away from the tag site; the average non-spawning season recapture distance was 19 + 
14 km. There was a positive relationship between fish size (TL) and migration distance to 
non-spawning season recapture locations (r,(57) = 0.31, p = 0.02; Figure Sa). 

Carlsbad and Huntington Flats tag locations had the highest number of tag returns 
during non-spawning season, but fish tagged at Huntington Flats showed higher 
variability in recapture distances (Table 3). The farthest movement between peak and 
non-spawning season was from Ventura to Carbon Canyon (40 km S) and from Tiuana, 
Mexico to La Jolla (35 km N). The farthest non-spawning season recapture location from 
Huntington Flats was the Palos Verdes Peninsula (29 km N). Most non-spawning season 
recapture locations were north of peak spawning season tagging locations (Table 3). 


Movement to Spawning Locations 


Fish tagged in a presumed non-spawning season residence (Newport Bay) during non- 
spawning season were primarily recaptured outside of Newport Bay during peak 
spawning season. We identified at least 16 different peak spawning season recapture sites 
that were typically located south of Newport Bay; the average (+SD) distance was 17 + 
15 km (Table 4, Figure 6). The farthest recapture location from Newport Bay was 
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Table 2. Numbers of barred sand bass tagged, percent of tags returned, numbers recaptured 
(= Recaps), and percent of total recaptures by site in southern California, historical California 
Department of Fish and Game tagging project (1960s and 1990s). Sites arranged north to south. 


1960s 1990s 
% of Tags % of Total % of Tags % of Total 
Site Name Tags Returned Recaps Recaps Tags Returned Recaps’ Recaps 

Santa Barbara 2 50 1 <1 11 0 0 0 
Ventura - - - - 350 ] ] 1 
Carbon Canyon ~ - 2 <] al 9 ] 1 
Malibu - ~ 1 <1 42 5) 1 1 
Topanga Canyon 63 6 4 <] 18 0 0 0 
Santa Monica ] 100 3 <] 18 0 2 1 
Venice Beach 237 13 24 3 - - - — 
El Segundo 202 5 a l 2 0 1 l 
Manhattan Reef ~ - 2 <i 388 + yi + 
Redondo Beach a7 2 9 l 204 2 J 4 
Torrance Beach - ~ 1 <1| -- - - ~ 
Palos Verdes 

Peninsula - - 3 <] + 0 0 0 
Horseshoe Kelp 10 0 8 i 707 5 15 9 
Long Beach 98 11 7 1 - 0 + 2 
Seal Beach - - 2 <i l 0 2 ] 
Huntington Flats leva2 13 235 29 1,258 6 82 49 
Santa Ana River 

Jetty - - 6 1 5 20 3 2 
Newport Harbor 999 22 125 16 3 0 0 0 
Corona Del Mar i 0 5 1 ] 0 l 1 
Crystal Cove 7 14 4 <] - ~ - - 
North Laguna Beach 33 15 19 2 ~ — ~ ~ 
South Laguna Beach 109 35 31 4 - - - - 
Aliso Beach 12 0 3 2<| ~ - - - 
Salt Creek 32 4] 24 3 - - - - 
Dana Point 6 33 it 2 28 11 + 2 
Capistrano Beach - - | <| - - - - 
San Mateo Point 136 19 25 3 45 2 0 0 
San Clemente 143 ] ff l ~ ~ - - 
Middle Kelp 44 43 10 1 4 0 0 
San Onofre Power 

Plant 229 28 61 8 i] 0 l 1 
Box Canyon - - 7 ] ] 0 3 2 
Barn Kelp 120 ia) 38 5 21 10 l l 
Las Flores 11 Di 4 <] 17 0 0 
Oceanside 157 8 5 i 17 3 2 
South Carlsbad 104 31 44 3 - — — = 
Twintrees 106 14 12 ] — ~ — = 
Round Kelp - - << — — = = 
Encinitas Pt. ~ - l <I - - — = 
Moonlight Beach 7 14 0 0 — — = 
La Jolla l 0 0 0 - - — = 
Mission Bay 2 0 0 0 65 2 l l 
Point Loma - — - - 2 0 3 2 
San Diego Bay 4 0 0 0 230 ] 0 0 
North Island/ 

Coronado Area - — — ~ 6 0 0 0 


Silver Strand - - 63 6 + 2 
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Table 2. Continued. 


1960s 1990s 
% of Tags % of Total  % of Tags % of Total 
Site Name Tags Returned Recaps Recaps Tags Returned Recaps Recaps 
Imperial Beach De 0 0 0 99 3 7 4 
Santa Catalina 
Island = — — ~ 12 8 9 5 
Tijuana Kelp - — — = 300 - 4 p2 


Oceanside (52 km S). In contrast to the results reported above (Figure 5a), no correlation 
was found between TL and spawning migration distance from Newport Bay (r,(71) = 
0.23, p = 0.05; Figure 5b). 


Spawning and Non-spawning Site Fidelity 


One-hundred sixty-nine fish were tagged during peak spawning season and recaptured 
during subsequent peak spawning seasons (1960s, n = 162; 1990s, n = 7). Eighty-nine 
percent were recaptured after | yr at liberty, 8% after 2 yr, and 2% after 3 yr. Overall, 
80% were caught back at the same tagging location. The average recapture distance 
(+SD) for the 20% that were recaptured elsewhere was 18 + 16 km. Overall, the 
recapture matrix plot identified a high degree of breeding site fidelity as indicated by the 
arrangement of recaptures along corresponding tag/recapture locations (Figure 7). 
Tagging locations with the highest measure of breeding site fidelity were Huntington 
Flats, Venice Beach, San Onofre, Carlsbad, and Twintrees. We also identified two fish 
that were twice recaptured in subsequent peak spawning seasons at the same locations 
(Twintrees and Huntington Flats, Table 5). 

Of fish tagged in Newport Bay during non-spawning season, there were 170 tag 
returns. Two fish were recaptured twice at Newport Bay; once during the respective non- 
spawning tagging season and again during a subsequent non-spawning season (Table 5). 
Percent site fidelity was highest during non-spawning (86%, n = 36) and early spawning 
seasons (97%, n = 37) and lowest during peak (23%, n = 16) and late spawning (29%, 
n = 5) seasons. Including the two fish that were recaptured twice, there were 15 fish 
recaptured during subsequent non-spawning seasons. Of these, 73% were recaptured 
back at Newport Bay, and the other four fish were either recaptured at Laguna Beach 
(11 km S, n = 3) or San Clemente (31 km S, n = 1). 


Discussion 


Typical recapture rates using standard tag and recapture methods in the marine 
environment is 3 to 10% (Lowe and Bray 2006), making it difficult to attain fish movement 
information without significant spatial and temporal sampling effort. Even with adequate 
sampling coverage, spatial and temporal differences in fishing effort can potentially yield 
biased results. In this paper, we report an 11% overall recapture rate consisting of several 
hundred fish and, with few exceptions, we report relatively high return rates across sites 
(Table 2). Thus, although certain limitations are inherent in tag and recapture studies, we 
believe these historical data enabled us to provide an adequate characterization of the large- 
scale spawning-related movements of barred sand bass in southern California. 

Our results indicate that barred sand bass individuals display a high degree of 
spawning site fidelity, may migrate up to tens of kilometers, and may reside at spawning 
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Fig. 2. Length-frequency distributions of barred sand bass by tagging location, historical California 
Department of Fish and Game tagging project (1960s and 1990s). 1960s and 1990s sites are represented by 
gray and white bars, respectively. Sites are arranged from north to south, and only locations with at least 
100 tagged individuals are shown. Vertical lines represent size at 100% maturity (~270 mm), and numbers 
in parentheses represent mean total length + SD. 
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Fig. 3. Frequency of tag returns over time by peak spawning season tag month (lines with symbols) 
and all fish combined (gray bars) for fish that were tagged at Huntington Flats, CA and recaptured back at 
that location within the same year, historical California Department of Fish and Game tagging project 
(1960s and 1990s). 


grounds for several weeks. These findings suggest barred sand bass, like other serranids, 
form transient spawning aggregations (Domeier and Colin 1997). Although more tagged 
fish displayed resident behavior, our results could potentially be biased toward fish 
resident to spawning grounds because other locations may not have been fished as 
intensely during non-spawning season. However, it is also possible that spawning 
movements were completely missed or that some fish were tagged in locations outside of 
spawning areas and did not migrate to spawn. Mason and Lowe (2010) reported that a 
portion of acoustically monitored adult barred sand bass at Santa Catalina Island, CA, 
showed year-round site fidelity to their home ranges, whereas others were not detected in 
these areas during spawning season. This type of “polymorphic movement behavior” has 
also been described for other transient aggregate spawners (Zeller 1998; Egli and Babcock 
2004; Semmens et al. 2010). 


Movement to and from Spawning Locations 


Non-spawning residences were generally north of spawning grounds, implying 
migration directionality. Moreover, our data suggest spawning aggregations are not 
comprised of migrants from the same location. Indeed, fish tagged at Newport Bay did 
not migrate to the same (or to the nearest) spawning grounds. Zeller (1998) reported that 
coral trout, Plectropomus leapardus, showed differences in spawning migration distance, 
where fish with overlapping home ranges did not necessarily make excursions to the same 
spawning grounds. Red hind, Epinephelus guttatus, another serranid demonstrating 
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Fig. 4. Recapture distances for barred sand bass tagged during peak spawning season (Jun—Aug) and 
recaptured during non-spawning season (Nov—Mar), historical California Department of Fish and Game 
tagging project (1960s and 1990s). 1960s = dark bars, 1990s = gray bars. 


transient spawning behavior, also showed variability in spawning migration distance 
(e.g., 1.8-32.3 km; Nemeth et al. 2007). 

Spawning migration distance was related to body condition and size-at-age/maturity in 
Atlantic cod (Gadus morhua; Jorgensen et al. 2008), where fish that migrated longer 
distances were generally older, bigger fish with higher overall fitness. Although the 
relationship between barred sand bass TL and spawning migration distance was somewhat 
inconclusive, we cannot rule out bioenergetics as a possible explanation for individual 
variability in migration distance, as maturity and fitness were not determined for tagged fish. 

Migration distance also varied by peak spawning season tagging location. This could 
be due to variability in the numbers of returns across sites or distinct differences among 
sites. Nemeth et al. (2007) attributed differences in migration distance and functional 
migration area (i.e., the area inclusive of home ranges and spawning ground) to 
differences in shelf area and fish length between spawning sites, where the site 
demonstrating a smaller functional migration area and shorter migration distances 
contained a smaller shelf area and aggregations of smaller fish. 


Spawning Season Residency 


Barred sand bass return rates at Huntington Flats suggested a spawning residence time 
within a 7 to 35-day period. Nemeth et al. (2007) reported a similar spawning residency 
period for tagged red hind recaptured on their spawning grounds (e.g., 7 d—2 mo); 
however, diver surveys of the same study indicated fish densities fluctuated during 
Spawning season and were influenced by lunar phase and gender. We were unable to 
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Fig. 5. Fish size (TL) versus (a) migration distance from peak spawning season (Jun—Aug) tagging 
locations to non-spawning season (Nov—Mar) recapture locations, and (b) migration distance from 
Newport Bay, CA to presumed spawning grounds. Only the relationship between TL and (a) was 
significant (r,(57) = 0.31, p = 0.02). 
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Table 4. Average recapture distances (= Recap Dist, km) of barred sand bass tagged in Newport Bay 
during non-spawning season (Nov—Mar) and recaptured during peak spawning season (Jun—Aug), 
historical California Department of Fish and Game tagging project (1960s). Dir. = direction of recapture 
location from tagging location (north versus south along the southern California coastline). 


Peak Spawning Season Recapture Location N Avg Recap Dist(km) SD Dir. 
Horseshoe Kelp 1 24.1 - N 
Huntington Flats 13 17.6 2D) N 
Santa Ana River Jetty 3 8.0 0.0 N 
Newport Bay 19 0.5 1S - 
Corona Del Mar 2, 2.4 Hell S 
Crystal Cove 1 1.6 - S 
North Laguna Beach 3 10.2 1.9 S 
South Laguna Beach 1 22) ~ S 
Salt Creek 2 18.5 1s S 
Dana Point 6 20.4 les S 
Capistrano Beach l 24.1 - S) 
Middle Kelp 1 24.1 - S 
San Clemente l 29.0 = S 
San Mateo Point 4 31.4 1.6 S 
San Onofre 5 32.8 0.9 S) 
Barn Kelp 8 42.8 1S S 
Oceanside 1 S15 - S 


account for gender-specific movements or movement between tagging and recapture 
events. Nevertheless, we attribute the secondary peaks in spawning location tag returns at 
28 and 54 days at liberty to pulses of immigration and emigration or pulses of 
aggregation formation, which may correspond with the 28-day lunar cycle. Spawning 
aggregations of coral trout and Nassau grouper occurred in pulses, and spawning 
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Recapture plot of barred sand bass tagged in Newport Bay, California, historical California 


Department of Fish and Game tagging project (1960s). Shaded areas denote non-spawning season and the 
lines denote the middle of peak spawning season (July). 
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Fig. 7. Recapture matrix plot of barred sand bass tagged during peak spawning season and recaptured in 
subsequent peak spawning seasons, historical California Department of Fish and Game tagging project (1960s 
and 1990s). Shaded, darker boxes along the diagonal line indicate a higher degree of breeding site fidelity. 


residence times at aggregation sites were relatively short (e.g., 4-14 d; Zeller 1998; Starr et 
al. 2007). For these tropical species, the pulses were related to specific monthly lunar 
phases, such as the full moon (Nassau grouper) or the new moon (coral trout). In 
contrast, spawning aggregation formations of dusky grouper, E. marginatus, a temperate 
serranid, pulsed at relatively longer intervals (e.g., 2-4 wk) without specific lunar 
synchronicity (Herue et al. 2006). 

Fish tagged in June or August demonstrated longer-term residency (i.e., longer 
maximum days at liberty) at the spawning grounds than fish tagged in July, suggesting 
densities of migrant fish are highest in July. This timing is in agreement with seasonal 
trends in barred sand bass fishing effort and CPUE (CDFG unpublished data). Although 
the abbreviated residency time of July-tagged fish could be related to intense fishing 
pressure in July, our data indicate otherwise. First, the higher return rate of June-tagged 
fish relative to July-tagged fish indicated fish tagged in July were less available for 
recapture, despite there being many more fish tagged in July. Nemeth et al. (2007) 
reported a very similar pattern in monthly tag return rates of red hind at their spawning 
locations during spawning season. However, unlike this study, returns were only the 
result of sampling effort because spawning locations were closed to fishing during 
spawning season. Second, barred sand bass that were recaptured away from Huntington 
Flats during the same peak spawning season provided evidence of emigration from the 
spawning grounds. 

Emigration during peak spawning season suggested barred sand bass may utilize 
multiple spawning locations during peak spawning season. Alternatively, peak spawning 
season emigrants may represent individuals that had already returned to their non- 
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spawning residences after spawning at Huntington Flats. With the exception of 
Horseshoe Kelp, the other emigration sites (e.g., Seal Beach, Santa Ana River Jetty, 
Dana Point) are not well-recognized as barred sand bass spawning aggregation locations. 
Fine-scale movement studies of other serranids report strong spawning site fidelity to a 
single spawning location (Zeller 1998; Starr et al. 2007). 


Spawning and Non-spawning Season Site Fidelity 


Most fish tagged during peak spawning season were recaptured at the same location 
during subsequent peak spawning seasons. These individuals may represent year-round 
residents or repeat migrants. In either case, the high percent of peak spawning returns that 
these fish comprised (80%) demonstrates a high degree of spawning site fidelity. The mere 
persistence of barred sand bass spawning aggregations over time (e.g., decades) also implies 
a strong degree of site fidelity. Tradition may play a primary role in spawning site selection 
over annual reassessment of resources, especially if resources are relatively unchanging 
from one year to the next (Warner 1988, 1990). Due to annual differences in tagging effort 
across tagging locations, it was not possible to accurately quantify long-term inter-annual 
variability in spawning site fidelity by tagging location. The few recaptures not displaying 
site fidelity may have reflected individual variability in the timing of spawning-related 
movements, movement among aggregation sites, or a degree of annual reassessment. 

We also identified individuals that demonstrated non-spawning site fidelity to Newport 
Bay. Fish tagged and recaptured during non-spawning season in Newport Bay may have 
represented fish that remained there year-round or migrated to spawn and returned in the 
winter. Although barred sand bass prefer sand/rock ecotone habitat to 30 m depth (Feder 
et al. 1974; Johnson et al. 1994; Mason and Lowe 2010), adults have been shown to utilize 
bay habitat throughout the year (Pondella et al. 2006). Nevertheless, a portion of adult 
barred sand bass tagged in Newport Bay migrated to locations outside of the bay during 
spawning season. Although it is unknown whether these migrant recaptures would have 
returned to Newport Bay after peak spawning season, the seasonal pattern in site fidelity 
reported at this location is highly suggestive. Indeed, barred sand bass acoustically 
tracked and monitored at Catalina Island were shown to display home ranging behavior 
and an ability to home (Mason 2008; Mason and Lowe 2010). Coral trout and Nassau 
grouper have also demonstrated site fidelity to non-reproductive areas in addition to 
spawning site fidelity (Zeller 1998; Starr et al. 2007). 


Recapture Rates 


There was a striking difference in recapture rate between the 1960s (17%) and 1990s 
(4%). Given that tagging effort and numbers of tagged fish did not dramatically differ 
between the two tagging periods, recapture rates may have been influenced by changes in 
barred sand bass availability or the willingness of fishers to report tag returns. Generally, 
high recapture rates in open systems reflect relatively lower population sizes due to the 
higher probability of encountering the same fish at a later date. This may explain the 
higher number of long-term recaptures in the 1960s dataset. Barred sand bass were scarce 
during the 1950s (a cold water period) and encountered more frequently along the coast 
“in and subsequent to periods of warmer waters’ (Young 1969; Feder et al. 1974). 
Indeed, CPFV barred sand bass catch values were nearly four times greater in the 1990s 
than in the 1960s despite only a doubling of fishing effort (CDFG unpublished data). 
Furthermore, kelp bass and barred sand bass larvae densities were also lower during the 
cool regime (1950s—1970s) and higher in the warm regime (1980s—1990s; Moser et al. 
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2001). Although it appeared that barred sand bass populations increased in the 1990s 
relative to the 1960s, barred sand bass stock-recruitment relationships and the effects on 
these relationships by natural and anthropogenic influences remain unknown. 


Management Implications 


Our data strongly suggest barred sand bass are transient aggregate spawners that show a 
high degree of spawning site fidelity. Thus, well-known spawning aggregation locations 
may comprise a large portion of the total annual reproductive output in southern 
California and enable spawning biomass estimates for stock assessment purposes. 
However, accurate biomass estimates at these locations may be difficult to attain without 
knowledge of whether barred sand bass aggregations flux with new or returning migrants 
over the course of the spawning season. In the midst of recent catch declines, a 
precautionary approach to management may be an important consideration until a harvest 
guideline can be developed. Measures taken to protect stocks of transient aggregation 
spawners include marine protected areas (MPAs), seasonal bans, and seasonal area closures 
(Sadovy and Domeier 2005). However, recent California MPA proposals for the south 
coast study region (i.e., Pt. Conception to the U.S./Mexico border) are not inclusive of 
known barred sand bass spawning aggregation locations (CDFG 2010), and seasonal bans 
or seasonal area closures may not be feasible to implement due to overlap among popular 
recreational fishing grounds. Alternatively, barred sand bass, which appears to have a 
relatively long spawning residency period (this study) and is capable of daily spawning (Oda 
et al. 1993), may benefit from a reduction in the current bag limit (10 fish). Further 
consideration of barred sand bass movement patterns, life history traits, and feasibility 
concerns will help to define additional management alternatives to protect the resource. 
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Abstract.—The bean clam, Donax gouldii, is an intermediate host of the monorchid 
trematode Postmonorchis donacis. Bean clams were collected from nine locations in 
San Diego County, CA, and siphons and mantle edges examined. Two hypotheses 
were tested: (1) parasitism increases with valve length, and (2) female clams have 
more parasites than males. A positive relationship was found between clam length 
and parasitism at all locations; there was no significant difference (« = 0.05) in male 
and female parasitism rates. Spatial variation on a kilometer scale was observed in 
trematode infestation rate and intensity. 


The study of parasitism can provide critical insights into the natural histories of many 
organisms, and the investigation of parasite/host interactions is vital to understanding 
interactions among species, communities, and ecosystems. Young (1953) reports finding a 
new species of monorchid trematode, Postmonorchis donacis, and describes the species 
and some of its life history. Postmonorchis donacis uses the marine bivalve Donax gouldii, 
the bean clam, as a second intermediate host, primarily for the metacercarial stage of the 
trematode. Donax gouldii was studied intensively for 17 years by Coe (1955), who found 
that bean clams have extreme fluctuations in population densities. During the years 1949 
to 1952 at the Scripps Coastal Reserve, D. gouldii had a peak population density of about 
20,000 clams/m*, with a density of less than 1 clam/m” in the years immediately preceding 
and following that surge in numbers (Coe 1955); no certain explanation was found for the 
phenomenon. 

D. gouldii is a veneroid bivalve mollusk that ranges from Point Conception, California 
to Southern Baja California, Mexico and lives on open coast sandy beaches in a fixed 
intertidal position, unlike other Donax species (Irwin 1973; Ellers 1995). They live to a 
maximum age of three years and reach a length of approximately 25mm; their triangular 
shells are generally colored buff and yellow and have low radial ribs (Haderlie and 
Abbott 1980). The primary consumers of D. gouldii are rays, spotfin croakers, 
surfperches, and sea gulls (Love 1991). Populations of D. gouldii can be highly variable, 
with population resurgences occurring every 2 to 14 years (Coe 1953). Donax gouldii are 
broadcast spawners whose females mature after one year and produce approximately 
50,000 eggs at each spawning, which may occur several times in a year (Haderlie and 
Abbott 1980). 

Postmonorchis donacis is a monorchid trematode that uses at least two hosts during its 
life cycle. The adult trematode uses the hind gut of nearshore teleost fish and 
elasmobranches as a definitive host and location for sexual reproduction. Sexually 
produced eggs settle and hatch in the primary intermediate host, which Young (1953) 
hypothesized to be a copepod. The primary intermediate host is castrated by the 
sporocyst life stage of the parasite, which asexually reproduces to form cercariae with 
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pigment spots, ventral suckers, and tails formed of overlapping scales. The cercariae are 
free swimming and mature into metacercariae, encysted larval trematodes lacking a tail, 
after entering their second intermediate host, D. gouldii; it has been hypothesized that D. 
gouldii become infested through the consumption of the small, parasitized copepods 
(Young 1953). The metacercarial cysts are found in the siphons and along the mantle 
edges of D. gouldii. When metacercariae are ingested by their definitive host, they excyst 
and mature in the fish’s hind gut (Young 1953). 

Young (1953) was unable to obtain parasitized clams by exposing them to trematode 
eggs and hypothesized a three-host life history model for P. donacis. However, other, 
related species of trematode within the family Monorchiidae (Subclass Digenea) use only 
one intermediate host: a single species of clam for both sporocyst and metacercarial life 
stages (DeMartini and Pratt 1964). As yet, little work has been done on the factors 
contributing to the rates of infestation of P. donacis in D. gouldii. The trematodes have 
never before been quantified with respect to the size, sex, or population density of their 
clam hosts, nor have they been studied across a broad spatial scale. 

The purpose of this study was to examine trematode infestation rates in D. gouldii and 
possible factors contributing to the infestation levels of P. donacis. To quantify the 
factors determining P. donacis infestation rates in D. gouldii, we hypothesize that (1) with 
size as a proxy for exposure time, the number of metacercariae per clam will increase with 
valve length, and (2) because female bivalves are often larger than conspecific males, 
parasites will be more numerous in female clams. 


Materials and Methods 


Donax gouldii were collected from San Diego County, CA, between January 21, 2009, 
and May 6, 2009, from tidal heights ranging from —0.3m MLLW to +0.3m MLLW. The 
initial goal of this study was to develop a time series of trematode infestation. Clams were 
sampled from the Scripps Coastal Reserve (SCR) on January 21 (n = 15), January 28 (n 
= 10), February 2 (n = 22), February 24 (n = 21), April 2 (n = 20), and May 6 (n = 31), 
2009. Interesting infestation patterns led us to examine D. gouldii populations over a 
larger spatial scale. Clams were collected from sites south of SCR on April 6, 2009 — 
Mission Beach, CA (MB) (n = 20), the northern most end of the Silver Strand, CA (NSS) 
(n = 24), and just north of the Tijuana River Estuary (TRE) (n = 21) — and from sites 
north of SCR on April 20, 2009 — Oceanside, CA (OS) (n = 20), Carlsbad, CA (CB) (n = 
17), the edge of Carlsbad and Leucadia, CA (C/L) (n = 21), Solana Beach, CA (SB) (n = 
22), and Torrey Pines State Beach (TP) (n = 22) (Figure 1). 

Donax gouldii were dissected fresh, after refrigeration for one to three days, or after 
freezing for up to one month. If not dissected fresh, the clams were refrigerated or frozen 
after having been stored in filtered sea water. Each clam was opened with the use of a 
scalpel, and the viscera removed from the valves. Valve length was measured anterior to 
posterior in millimeters, using calipers with accuracy to 0.05mm. 

The gonads were inspected under a dissecting scope for the presence of Postmonorchis 
donacis and to determine gender (if mature). Siphons and mantle edges were slide 
mounted and examined under transmitted light on a compound microscope to count 
metacercariae present (1/21/09 collection only counted up to 100). Metacercarial cysts 
were positively identified using Young’s 1953 species description and figures. One-tailed, 
two sample f-tests were used to examine differences in male and female valve lengths and 
metacercarial counts. Cyst counts between locations were analyzed using Tukey’s honest 
significance test, which compares location means and groups sites by similarity. 
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Fig. 1. Map of approximately 32° north, 117° west, showing the locations of the nine collection sites. 
Listed north to south, the locations are Oceanside (OS), Carlsbad (CB), Carlsbad/ Leucadia (C/L), Solana 
Beach (SB), Torrey Pines (TP), Scripps Coastal Reserve (SCR), Mission Beach (MB), North Silver Strand 
(NSS), and Tijuana River Estuary (TRE). 


Population density measurements for D. gouldii were taken at all locations during the 
lower low tides of a spring tidal cycle: OS, CB, and C/L on May 26; MB, NSS, and TRE 
on May 27, 2009; and SB, TP, and SCR on June 4, 2009. At each location, density was 
measured in at least four quadrats (50cm by 50cm), with two quadrats haphazardly 
placed at two or three tidal heights; densities were measured at or near the —0.3m, 0.0m, 
and +0.3m mean low low water (MLLW) tide lines, which were determined by level scope 
and stadia rod. Sand was removed from each quadrat to an approximate depth of 15cm 
and sieved using a 2mm mesh; all D. gouldii recovered were collected for later analysis. 
Average population densities at low, mid, and high tidal heights were calculated by 
location. 


TREMATODE PARASITISM OF CALIFORNIA BEAN CLAMS 147 


Table 1. Metacercariae and valve length means calculated by site. Outliers were removed from NSS 
and TP, with 1221 and 412 metacercariae, respectively. Note that density measurements and clam 
collections were made on different days. 


Location OS CB C/L SB ee SCR MB NSS TRE 
Mean metacercariae 6.69 6.83 3.32 LG:035 = 20:83) LSS 2.9 131.24 0.53 
Mean length LOGO 12267 12742 LO EGG OAS 10514 13592) 10107 
Density/m* BAe. 5 0 12 D6, 2 0 123 - O8 


R° significance: 
two-tailed p-values <0.0001 0.0012 0.0020 <0.0001 <0.0001 <0.0001 0.0009 0.0004 0.0094 


# D. gouldii sampled 38 29 28 34 56 106 20 29 30 
% with metacercariae 87% 64% 68% 1% 11% 99% 60% 100% 30% 
Results 


A total of 378 Donax gouldii received absolute counts of metacercariae. The 
metacercariae were observed to concentrate at the base of the inhalant siphon of the 
clam host. Of the 378 clams, 298 (79%) had at least one Postmonorchis donacis 
metacercaria; however, strong spatial variability was observed. Silver Strand (NSS) had 
the highest infestation rate at 100% (n = 29) followed by SCR with 99% infested (n = 
106), while TRE had the lowest at 30% (n = 30) (Table 1). Metacercaria counts ranged 
from 0 to 1,221, with an overall mean count of 50.32. Silver Strand and SCR had the 
highest mean number of metacercariae per clam at 131 and 118, respectively, while TRE 
had the lowest at 0.53 (Table 1; for median and data range see Figure 2). 
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Fig. 2. Box plot of log;) metacercaria counts per D. gouldii for all study locations. The center line is the 
median, and the box extends one standard deviation, with whiskers extending to two standard deviations. 
Outliers are plotted as circles. Results of Tukey’s honest significant difference are shown in lettered groups 
A and B. 


148 SOUTHERN CALIFORNIA ACADEMY OF SCIENCES 


Frequency 
~— Dh bh WwW 
na oO oO Oo 


aN 
O 


2 4 6 8 12. 14° 16° 18-9920 98225224 
Binned Valve Lengths (mm) 


Fig. 3. Frequency of each binned valve length over all locations. The average valve length is 11.40mm. 
The data have a median of 11.50mm and a mode of 8.95mm and show a rather normal distribution. 


Analysis of the nine locations using Tukey’s honest significance test resulted in two 
groups: NSS and SCR in one and the other seven sites in another (Figure 2). Sporocysts 
and/or cercariae were found in three of the 386 examined D. gouldii: two collected from 
SCR and one from NSS, the two locations with the highest mean metacercaria counts; 
the three individuals infested with sporocysts each had metacercarial counts greater than 
100. Over all locations, valve length averaged 11.42mm with a range of 4.15 mm to 
20.80mm (Figure 3). Silver Strand had the largest average shell length at 13.92 mm, while 
TRE had the smallest at 10.07mm (Table 1). A positive relationship between valve length 
and number of metacercariae was found at all locations (Table 1, Figure 4). Clams 
collected from TRE had the weakest relationship between shell length and metacercariae, 
the lowest average metacercariae load, and the smallest average shell length (Table 1). 
The strongest exponential relationship was found at TP, with an R* of 0.716. Trematodes 
were absent or infrequent in the smallest individuals (under 7mm; n = 32). Only 25% of 
those small clams had metacercariae, with a maximum cyst count of 4. No individuals 
smaller than 5.60mm (n = 11) contained metacercariae. 

The relationship between gender and number of metacercariae was examined. Male 
clams (n = 173) had an average of 48.98 metacercariae, females (n = 191) an average of 
52.77, and clams whose gonads were undifferentiated (n = 14) an average of 31.86. 
Differences in male and female counts of metacercariae were not significant (a = 0.05). 
Females had a mean size of 11.26mm, while males had a mean of 11.76mm; clams with 
undifferentiated gonads had a mean of 9.01mm. Though male clams were larger on 
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Fig. 4. Lengths of individual D. gouldii plotted against parasite infestation load. Each shows a positive 
trend between clam size and number of parasites, though the slopes of the trend lines vary by location. 
Displayed exponential trend lines were calculated only for parasitized individuals. Note that y-axis scaling 
differs by location. 


average, the difference was not significant (« = 0.05), and the clams with the two highest 
metacercaria counts (412 and 1221) were female, with lengths of 14.25mm and 19.25mm 
respectively. 

The density of D. gouldii averaged over all locations was 5.24 clams/m7, with a 
maximum location average density of 22.67 clams/m* and a minimum of 0 clams/m* 
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Table 2. This table shows data from the Scripps Coastal Reserve from six collection dates between 1/ 
28/2009 and 5/6/2009. 


Collection Date Mean Metacercariae Mean Valve Length (mm) n 
1/28/2009 85 10.61 8 
2/2/2009 105.0 10.28 fej 
2/24/2009 88.5 11.06 21 
4/2/2009 12351 12.59 20 
5/6/2009 158.0 13.68 31 
Total Eloy 11.83 109 


(Table 1). The average densities at low (—0.3 MLLW) (7 sites), mid (0.0 MLLW) (8 sites), 
and high (+0.3 MLLW) (4 sites) tidal heights across all locations were 3.43 clams/m7, 5.96 
clams/m”, and 12 clams/m7”, respectively. Clam densities at low, mid, and high tide heights 
ranged from 0 to 18, 0 to 16, and 0 to 34 clams/m”, respectively. At the Oceanside 
location, the sixth quadrat was placed on a patch with three clams already visible, 
yielding a density count of 12 clams/m*. When average density is plotted against average 
numbers of metacercariae found at each location, no clear pattern emerges. Donax gouldii 
were collected five times from Scripps Coastal Reserve between January 28 and May 6, 
2009. The mean number of metacercariae per clam ranged from 85 to 158 on collection 
dates January 28 and May 6, respectively, while the mean valve length ranged from 10.61 
to 13.68 for collections on January 28 and May 6, respectively (Table 2). 


Discussion 


As hypothesized, a positive relationship was found between the size of D. gouldii and 
the intensity of P. donacis metacercarial infestation at each of the nine study sites. These 
results were consistent with other mollusk parasitism studies (e.g., Sorensen and 
Minchella 2001). When the data were pooled from all locations, a generally positive 
relationship exists; however, the mean number of metacercariae per clam and the 
relationship between D. gouldii length and number of parasites were found to change 
spatially. SCR had the highest mean number of metacercarial cysts per clam; the adjacent 
sites, TP and MB, each had relatively low averages. Similarly, NSS, with a very high 
mean, was next to TRE, the location with the lowest average. When infested individuals 
were analyzed, SB and TP showed the strongest relationships between size and infestation 
intensity, with exponential regressions resulting in R* values of 0.696 and 0.716, 
respectively, while TRE had the lowest R’, at 0.218. These data showed that while the 
number of P. donacis metacercariae increases with the size of D. gouldii in general, spatial 
variability existed in the relationship on a kilometer scale; though D. gouldii were 
broadcast spawners with open populations, parasite loads must be analyzed by location 
in Southern California clams. There was not a clear latitudinal gradient in trematode 
infestation rate, nor does there appear to be a relationship between infestation rates at 
adjacent sites. The factors influencing this spatial variability remain unclear at this time. 

It was possible that there was a parasitism threshold in D. gouldii before which the 
trematodes were unable to infest their clam hosts. Leung and Poulin (2008) found a 
threshold in the rate of parasitism of Macomona liliana, a marine bivalve, in which the 
rate of parasite gain was very low until individuals reached approximately 30mm, after 
which it increased exponentially, likely due to increased siphon size in larger individuals 
and a corresponding increase in water filtration rate. Postmonorchis donacis could be 
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similarly limited by host size in the bean clam. Small D. gouldii were also young, so their 
lack of trematodes may be a function of lower exposure time. 

In this study, three D. gouldii were found with severe gonadal sporocyst infestations. 
These data suggested that P. donacis can use D. gouldii as both a primary and a secondary 
intermediate host and support a two-host life history model for P. donacis. While the 
prevalence of such dual use was unknown, this study observed a 0.78% occurrence. 
Interestingly, the three clams found with sporocyst infestations came from the two 
locations with the highest average numbers of metacercariae per clam, suggesting a 
relationship between overall metacercarial density and the presence of D. gouldii with 
sporocyst infestations. Metacercariae were found in the clams’ siphons, among the gills, 
and along the mantle edges; the highest concentrations were located in the siphons, and 
this likely plays a role in the transmission of the parasite. For example, P. donacis most 
likely infects Menticirrhus undulatus, the California corbina, when the fish consume 
exposed D. gouldii siphons (Love 1991). 

The hypothesis that female D. gouldii would have more P. donacis metacercariae was 
not supported by these data. This hypothesis was based on an a priori assumption that 
females would be larger than males and therefore would have more metacercariae 
because of the positive relationship between size and infestation intensity. These data 
show that there was no significant difference between the sizes of male and female D. 
gouldii and presumably no difference in time exposed to parasites. 

Time constraints on this study limited the amount of data collected and parameters 
examined. Further studies could investigate the parasite loads across broader scales. We 
examined temporal variability at SCR, but were unable to distinguish temporal effects from 
clam growth; a longer time scale would enable the study of D. gouldii at different times of 
the year, and parasitism rate may vary with season or water temperature. Temporal 
variability in trematode infestation rate could be examined at a site with a low average 
infestation load, such as TRE, in order to better detect changes in metacercarial density. 
Although D. gouldii density was measured in this study, greater replication would allow for 
a more rigorous examination of density dependence. Donax gouldii could be collected at 
more locations to provide both a larger data set and a finer spatial scale across which to 
examine the variability evident in the population. As with studies examining the effects of 
heavy metals on cercarial swimming ability (e.g., Cross et al. 2001), data on the pollutants 
in nearshore water could be used to examine the effects of anthropogenic stressors on the 
parasitism of D. gouldii by P. donacis. The trematode, a platyhelminthe parasite that 
usually infects mollusks, such as snails and bivalves, and vertebrates, such as fish and birds, 
has dynamic and complex interactions with the environment because it uses multiple hosts. 
Additional research should be done to understand more fully the factors determining the 
infestation rates of P. donacis in D. gouldii. 

This study examined the factors influencing the rate and intensity of trematode 
infestation in D. gouldii, including clam valve length, location, and density, and 
concluded that a positive relationship exists between clam size and parasite load and that 
temporal and spatial variability were evident in this relationship. Parasitism, while 
ubiquitous in the living world, is an understudied facet of most communities and can 
provide important insights into the ecologies of many organisms. 
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Crotaphytus vestigium, a rock-dwelling species of the peninsular ranges of Baja 
California, occurs along the northern slope of the San Jacinto Mountains, Riverside 
County, California, south to the southern margin of the volcanic Magdalena Plain in 
Baja California Sur (McGuire 1996). Published information on the reproduction of C. 
vestigium consists of brief accounts by Lemm (2006), Ivanyi, (2009) and field observations 
by McGuire (1996), Grismer (2002) and Stebbins (2003). The purpose of this paper is to 
examine the reproductive biology of C. vestigium from a histological analysis of gonadal 
material from museum specimens, an often used method, see for example, Goldberg 
(1974). Information on the reproductive cycle such as timing of spermiogenesis, number 
of egg clutches produced and period of vitellogenesis may not only be helpful in 
determining phylogenetic affinities, but also provides essential life history data for 
implementing conservation management strategies of lizard species. 

We examined 61 C. vestigium consisting of 33 males (mean snout-vent length, SVL = 
96.5 mm = 12.3 SD, range: 72-116 mm and 28 females (mean SVL = 80.4 mm + 8.6 SD, 
range: 54-93 mm) from Imperial, Riverside and San Diego Counties, California and Baja 
California and Baja California Sur, Mexico. Specimens were examined from the 
herpetology collections of the Natural History Museum of Los Angeles County (LACM), 
Museum of Vertebrate Zoology (MVZ), and San Diego Society of Natural History 
(SDSNH) (Appendix I). Lizards were collected 1934-1997. Histology slides were 
deposited at LACM, MVZ and SDSNH. 

The left testis was removed from males and the left ovary was removed from females 
for histological examination (Presnell and Schreibman 1997). Enlarged ovarian follicles 
(> 5 mm) and/or oviductal eggs were counted. Tissues were embedded in paraffin, 
sectioned at 5 um and stained with hematoxylin followed by eosin counterstain. Ovary 
slides were examined for yolk deposition or corpora lutea. Testis slides were examined to 
ascertain the stage of the testicular cycle present. Mean SVL of male and female C. 
vestigium were compared using an unpaired f-test (Instat vers. 3.0b, Graphpad Software, 
San Diego, CA). 

The mean male SVL of C. vestigium significantly exceeded that of females (unpaired ¢ 
test, t = 5.82, df = 59, P < 0.0001). Monthly stages in the testicular cycle of C. vestigium 
were shown in Table 1. Three stages were present: (1) Regression, the germinal 
epithelium was reduced to 1-3 cell layers in thickness and consists of spermatogonia and 
Sertoli cells; (2) Recrudescence, a proliferation of germ cells for the next period of sperm 
formation was underway. In early recrudescence, primary spermatocytes predominate, 
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Table |. Monthly stages in the testicular cycle of Crotaphytus vestigium. 


Month n Regression Recrudescence Spermiogenesis 
March 6 1 4 l 
April 6 0 Dy 4 
May 8 0 2 6 
June 2 0 0 y) 
July 6 0 0 6 
August 4 4 0 0 
November l l 0 0 


whereas in late recrudescence, secondary spermatocytes and spermatids were most 
abundant; (3) Spermiogenesis, lumina of the seminiferous tubules were lined by clusters 
of sperm or clusters of metamorphosing spermatids. The smallest reproductively active 
male (LACM 63168) with spermiogenesis in progress measured 73 mm SVL and occurred 
in July. One male collected in April (LACM 138523) measured 72 mm SVL and exhibited 
testicular recrudescence. It was not known when this individual would have commenced 
spermiogenesis. 

The testicular cycle of C. vestigium was typical of other lizards from western North 
America that undergo spermiogenesis beginning in spring and terminate in summer (see 
Goldberg 1974, 1975, 1977, 1983). The congener Crotaphytus collaris follows a testicular 
cycle similar to that of C. vestigium. However, in west-central Texas, reproductive activity 
in C. collaris was observed from April into July (Ballinger and Hipp 1985). The onset of 
sperm production was delayed until early May in Arkansas (Trauth 1979). This suggests 
some geographic variation in the reproductive cycle of C. collaris. It was not known 
whether there was geographic variation in the reproductive cycle of C. vestigium, 
although one individual (Table 1) in spermiogenesis (MVZ 73568) in March was from the 
southern part of its range in Baja California Sur, Mexico. Lemm (2006) reported breeding 
of C. vestigium in May and June, although data were lacking to support this claim. 
However, our results suggested breeding may commence in April. This was corroborated 
by McGuire (1996), Grismer (2002) and Stebbins (2003), who reported C. vestigium from 
Baja California Sur with breeding coloration in April. 

Four stages were present in the ovarian cycle of C. vestigium: (1) no yolk deposition 
(quiescent); (2) early yolk deposition with basophilic granules present; (3) enlarged 
preovulatory follicles; (4) oviductal eggs. Monthly changes in the ovarian cycle were 
presented in Table 2. The smallest reproductively active C. vestigium female (LACM 
63169) measured 75 mm SVL and was undergoing yolk deposition. The maturity of two 
females (LACM 4000, SVL = 67 mm and SDSNH 17667, SVL = 54 mm) was doubtful, 
and were excluded from Table 2. Mean clutch size (enlarged ovarian follicles > 5 mm or 
oviductal eggs) for three females was 2.67 + 1.2 SD, range: 2-4. One clutch from June 
(SDSNH 60111) was damaged and could not be counted (Table 2). Lemm (2006) 
reported 1—2 clutches of 8 or more eggs, although we know of no report in the literature 
documenting multiple clutching for C. vestigium. Ivanyi (2009) reported clutches of 3-8 
eggs with breeding lasting until late summer. Our observation of two eggs was an 
unreported minimum clutch size for C. vestigium. 

It appeared that the period of female reproductive activity encompasses spring and 
summer (Table 2). Since all seven females from May had quiescent ovaries (Table 2) it 
was possible yolk deposition was delayed in some females or not all females reproduced 


RESEARCH NOTE It5)5) 


Table 2. Monthly stages in the ovarian cycle of Crotaphytus vestigium. A female in June contained 
damaged oviductal eggs which were not counted. 


Early yolk Enlarged Oviductal 

Month n Quiescent deposition follicles > 5 mm eggs 
March l ] 0 0 0 
April 2 0 2D 0 0 
May i i 0 0 0 
June 2 0 0 l Lee 
July 1] 5 4 1 l 
September 2 2 0 0 0 
December l l 0 0 0 


each year. Two females from Baja California (LACM 16993) and Riverside County 
(LACM 52889) contained vitellogenic follicles in April. Thus, there was no indication of 
yolk deposition commencing earlier in the south, although our female sample size was too 
small to clarify this issue. Four females from July undergoing early yolk deposition 
(Table 2) also raised questions. We had no females from the month of August, so it was 
not possible to conclude if late season egg clutches were produced. As in other North 
American lizards (Goldberg 1973, 1975), vitellogenic follicles occurring late in the 
breeding season might typically undergo atresia and yolk reabsorption. On the other 
hand, Grismer (2002) reported a female with gravid coloration in early October, just east 
of Canipolé, Baja California Sur which suggests eggs were produced late in the year. 

Considering the ovarian cycle of the congener C. collaris, females from Arkansas and 
Utah ceased reproduction at the end of June (Trauth 1978, Andre and MacMahon 1980). 
In the arid regions of southern California and Baja California, the ovarian cycle of C. 
vestigium, was of longer duration and extends into August and perhaps October (Grismer 
2002). This difference tended to support the separation of C. collaris and C. vestigium into 
separate species. 
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Appendix I 
Crotaphytus vestigium examined from the Natural History Museum of Los Angeles County (LACM), 
Museum of Vertebrate Zoology (MVZ), and San Diego Society of Natural History (SDSNH). 


LACM Baja California 4000, 16993, 16995, 16996, 63176, 94681, 138523, Baja California Sur, 16994, 
63167-63171, 63173-63175, 63177, 63178, California, Imperial County, 146603, Riverside County 16873- 
16875, 52889, 52890, 94625, 94627-94629, 122043; MVZ Baja California, 50016, 51140, 140754, 140755, 
Baja California Sur 73568; SDSNH Baja California, 17052, 17667, 19788-19792, 26754, 37815, 41612, Baja 
California Sur, California, 30107-30111, Imperial County, 60110, 60111, 60216, 62822, 62823, Riverside 
County 20699, San Diego County 11088, 11951, 13250, 29698, 40353, 58391. 
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